Changes in the knowledge and skill requirements of information systems (IS) positions were examined by analyzing the content of advertisements for IS professionals placed in four major newspapers over the 20-year period 1970-1990 
Introduction
What are the requisite knowledge and skills for IS personnel? This is an often asked and important question. It is widely advocated that organizational, functional, and managerial skills are becoming increasingly important for most information systems (IS) positions. Many studies have noted that organizational and behavioral skills are important to systems analysts and IS managers (e.g., Cheney, et el., 1989; Leitheiser, 1992; Watson, et al., 1990) . The IS curriculum, as suggested by the ACM and DPMA, places a strong emphasis on the importance of managerial/ organizational knowledge and skills for IS professionals (DPMA, 1986; Nunamaker, et al., 1982) . Similarly, trade journals contain articles citing the increased need for IS professionals with significant managerial and interpersonal skills--cften bemoaning their absence (e.g., Bell and Richter, 1986; Davis, 1993) .
Thus, the perception exists that a successful IS professional blends technical knowledge with a sound understanding of the business while commanding effective interpersonal skills. This paper uses job advertisements to provide a window on the degree to which these skills are demanded in the marketplace and to look at, how those skill requirements specified in ads have changed between 1970 and 1990 . Job ads serve asa primary recruitment vehicle (Walsh, et al.,' 1975) and thus should, we assert, reflect the nature of the skills required of IS personnel in different positions.
Based on this assumption, this paper sets out to determine the degree to which the perception of changing knowledge and skill requirements is matched in job advertisements for three classes of IS professionals--programmers, systems analysts, and IS managers--over a 20-year period from 1970 to 1990. The:intent is to increase our current understanding of the IS profession in order to enhance the processes of educating, training, recruiting, hiring, and promoting IS professionals.
The paper is organized as follows. First, the previous work on knowledge and skill requirements for IS jobs is reviewed. Based on this review, our general expectations of how knowledge and skills required for IS positions have evolved over time is then presented. Next, our approach to using job ads as a vehicle to examine the nature of IS jobs is discussed. Finally, the results of the analysis and their implications for the IS profession and for IS education are discussed.
A Review of the IS Job Skills Literature
A number of studies have been conducted over the past 20 years to examine .the skills and knowledge required of IS personnel. These studies typically examine a variety of IS job positions, ranging from programmers to managers, with the intent of identifying the type and mix of skills needed for particular IS positions. These studies examine skill requirements of programmers, systems analysts, and IS managers over the period .
Programmers
Very few studies of skill and knowledge requirements of programmers were conducted in the 1970s. The available literature consisted mostly of experienced practitioners commenting on what they thought the training background of programmers should be. This debate identified the need to sharpen technical skills of programmers with in-house training programs (Anderson, 1969) , the need to upgrade private electronic data processing schools to improve the technical expertise of programmers (White, 1970) , and the need for improved communication skills for programmers (Roark, 1976) . Thus, the limited literature that exists from the 1970s primarily discussed the importance of technical skills for programmers.
In 1980, the requirement that a programmer possess good specialist/technical skills (computer, hardware, software, and systems) was still acknowledged, but a lack of generalist/managerial (organizational, people, society) skills was seen to inhibit the progression of programmers to managerial positions (Cheney and Lyons, 1980) . By the mid-1980s, a study of employers' requirements for entry-level IS positions (particularly programmers) found that strong business communication skills were more important than technical skills such as exposure to micro-computer packages and application programming languages (Albin and Otto, 1987) .
But in 1990, another study found that, for programmers, the top skills were technical (application languages, systems analysis and design skills, database and operating systems), followed closely by business knowledge and skills (Watson, et al., 1990) . In summary, the literature shows a strong continuing emphasis on technical skills for programmers, with business and communication skills appearing to increase in importance over time.
Systems analysts
Systems analyst skills also show changes over time. In 1971, a survey of systems analysts found that technical and systems skills were highly valued, while managerial skills were considered secondary (Strout, 1971) . By 1976, various commentators were calling for systems analysts to improve both technical and management skills (Roark, 1976; Seller, 1976) . In 1980, a survey the skills required for various IS positions found that systems analysts required both good systems skills and strong interpersonal and communication skills (Cheney and Lyons, 1980) . By the mid-1980s, additional studies confirmed the importance of both interpersonal/management skills and technical skills for the systems analyst (Harrison and Springer, 1985; Jenkins, 1986) . By the late 1980s and early 1990s, IS managers and systems analysts were saying that specialist/technical skills were decreasing in importance for systems analysts while generalist/ managerial skills were increasing in importance (Cheney, et al., 1989; Green, 1989; Watson, et al., 1990) . Recently, a survey of 107 MIS managers found that interpersonal skills were ranked consistently higher for systems analysts than were any other category of IS skills (Leitheiser, 1992) .
In summary, the literature concerning skills requirements for systems analysts, while not discounting technical or system skills, appears to increasingly stress the importance of communication and general business skills.
IS managers
For IS managers, skill requirements do not appear to have changed much since 1970. In the early 1970s, no surveys of skill and knowledge requirements for IS managers were published. Commentators noted that IS managers should be professional managers and stressed the importance of management and communication skills over technical skills (Butt, 1969; Exton, 1970) . 1976, a survey of IS managers reported that managerial and interpersonal skills were most important, while problems requiring technical skills could be handled by subordinates (Joslin and Bassher, 1976) . In 1980, the picture was similar. A survey of IS executives found that IS managers should have more generalist/managerial skills than specialist/technical skills (Benbasat, et al., 1980) . This is confirmed by another study that examined what practicing managers actually did. This study found that IS managers valued interpersonal and management skills more than technical skills (Ives and Olson, 1981) . Another study, which asked IS managers what skills they should have, reported that both managerial and technical skill sets were needed (Cheney and Lyons, 1980) . A study that compared skill requirements of IS personnel (IS managers and systems analysts) in 1978 with those still required in 1987 concluded that generalist/managerial skills were increasing in importance relative to technical skills (Cheney and Lipp, 1987) .
In summary, most of the findings over the years indicate that IS managers must have good interpersonal/managerial skills and that technical skills, while important, are definitely secondary.
Research Question
Following on prior research in this area, this study examines how the mix of skill requirements has changed over the period 1970 to 1990, as reflected in job ads for programmers, analysts, and managers.
At a basic level, we argue that an IS professional needs to have a knowledge of information technology, a knowledge of business and how to operate in a business environment, and finally, a knowledge of systems and Systems approaches to problem solving. Thus, to provide a clearer picture of skill requirements over time, we defined the following three knowledge/skills categories (see Appendix for details): technical, business, and systems knowledge. The technical knowledge~skills category includes specific knowledge and skills related to hardware and software. This category is similar to the specialist/technical category from previous studies but separates systems knowledge and skills into a distinct category. Such a separation is similar to the one provided in the ACM Curriculum Guide (Nunamaker, et al., 1982) . The business knowledge~skills category is similar to the generalist/managerial category of previous studies and includes knowledge of industries and functional areas, management and organizational skills, and interpersonal/communication skills. While it is possible to make an argument for the separation of the interpersonal and communication skills into a distinct category, we argue that the incidence of such skills tends to correlate highly with the other skills within the business category. The systems knowledge category captures problem-solving skills, including analytical and modelling skills as well as knowledge of development methodologies and systems analysis/design tools and techniques.
For each job (i.e., programmers, analysts, and IS managers), we examine how job ads describe the requisite knowledge and skills for information systems personnel and use the ads to provide a window on how those skills may have changed over time. In general, we argue that the IS field as a whole has seen a relative shift from an exclusive emphasis on technical issues to a recognition of the importance of business-related issues. This shift seems apparent in the curriculum of IS programs, in the body of published IS research, and in a review of IS trade journals. Specifically, we see such a shift occurring in the IS job skills literature with increasing emphasis being placed on the importance of business knowledge and skills. Our objective is to examine the extent to which these shifts are, or are not, reflected in the content of job ads. Therefore, our research question is:
Has the mix of job skill requirements, as specified in job ads, changed over the period from 1970 to 1990 for (1) programmers, (2) analysts, and (3) managers?
Data Collection and Analysis
To address the research question, IS job ads were collected from two U.S. newspapers (The Wall Street Journal and The New York Times) and two Canadian newspapers (The Globe and Mail and The Toronto Star) at five-year intervals --1970, 1975, 1980, 1985, and 1990 . A total of 1,634 ads were collected, which included ads for 581 programmers, 348 systems analysts, and 305 IS managers. The remaining 400 jobs included EDP auditors, systems programmers, database administrators, data entry staff, and consultants, among others. Because the number of ads for these job types was small, no further analysis was performed. Instead, we focused on the 1,234 programmer, analyst, and IS manager jobs. The distribution of these positions across the five time periods is shown in Table 1 . In general, the number of ads for later time periods is somewhat greater, reflecting the growth in the field. Figure I shows the average number of skills mentioned in an ad. Information that was not of direct interest for this study, such as descriptions of the organization, its culture, job benefits, and salary, was left out. Skill requirements specified in the ads have been growing in number for all job types. In 1970, the average ad mentioned slightly over four distinct skills. By 1990, this had grown to approximately seven skill requirements. Also, there appears to be little difference in the number A discussion of the role of job ads in the recruitment and hiring process, as well as a full description of the method of collecting, classifying, and analyzing the data, is included in the Appendix for the benefit of readers wishing more detail. Table 2 shows how all phrases were classified into one of three basic knowledge/skill categories:
(1) technical (hardware and software knowledge), (2) business (functional, managerial, and social knowledge/skills), and (3) systems (problem solving and systems development knowledge/skills). The three general categories were further decomposed into seven more-detailed categories. Both these levels of analysis are presented in the results section that follows.
Results
The findings are presented at two levels. F!rst, for each job, summary data are presented using the three categories described above (see also Figures 2 and 3 ). Second, a detailed look inside the three categories is provided for each of the jobs (Tables 3, 4 and 5). Details on how the values shown in the figures were computed are described in the Appendix.
Because the data are open to a variety of interpretations, they are summarized in three ways as: indicator data, raw data, and percentage data, with each highlighting a somewhat different perspective.
Indicator Data--shows the proportion of ads that refer to each category at least once in the ad. The indicator data shows the ad from the perspective of each skill included and takes into account the fact that the number of times a job skill is referenced may not be indicative of its overall importance to the job. In other words, the fact that a skill class is mentioned at all implies that it is important to the job, the fact that it is mentioned three, four, or five more times may not indicate any additional importance.
Raw Data--shows the average number of phrases per skill category in the ad. This shows the actual composition of the ads, indicating the emphasis that is placed on describing different kinds of skills. In contrast to the indicator data, this measure may indicate the relative importance of a particular skill.
Percentage Data--shows the average number of phrases per category expressed as a percentage of the total number of phrases
Length of Ads
in the ad. This best demonstrates the relative composition of the ads, facilitating Comparisons between job types and over time. The percentage data is especially important since the ads have been increasing in length since 1970.
In addition to the summary data, a window is provided on the detailed composition of each of the skill categories. This gives the reader a look inside the categories to better understand how technology, business, and systems skills are changing. This is done by decomposing the three categories into seven more-detailed categories (hardware, software, business, management, social, problem solving, and development methods) described in Table 2 . In turn, each of these seven detailed categories is broken down further into sub-categories. These detailed data provide a perspective from which to interpret the Systems data and to draw inferences about possible explanations for the results. Moreover, the detailed data provide the reader with the opportunity to draw his/her own interpretations and inferences about the results. For each job type, the summary data results (indicator, raw, and percentage) are provided, followed by the detailed data.
Programmers--summary view
The indicator data for programmers are shown in Figure 2a . References to technology appear in roughly 90 percent of the programmer ads; and this has been relatively constant over time. References to systems knowledge have been more volatile and have showed a modest upward trend over the 20-year period. The percentage of ads including at least one reference to a business skill, however, increased considerably.
In 1970, only 30 percent of the ads mentioned a business skill, but by 1990, about 60 percent of the ads referred to at least one business skill.
The raw data for this group are shown in Figure  3a , and the percentage data is shown in Figure  3b . Figure 3a shows-that the frequency of technical knowledge phrases doubled from 2.2 phrases per ad in 1970 to 4.3 phrases per ad in 1990. In other words, while a 1970 job ad for a programmer indicated the need to know one operating system plus one programming language (typically COBOL), an ad in 1990 indicated that a programmer was expected to have skills in multiple operating systems and programming languages. Over this same period, the average number of references to business knowledge almost tripled from 0. effect of this increase, however, is reduced because the absolute number of references is small compared to the overall size of the ad. The typical ad for a programming position in 1990 included a single reference to an item in the business knowledge category, a single reference to an item in the systems knowledge category, and four references to items in the technical knowledge category.
By adjusting for the increasing length of ads, Figure 3b demonstrates that little has changed in the composition of these ads over time. Table 3 shows the detailed data for programmer job ads within each category. Technical knowledge is subdivided into hardware and software and, as can be seen in the table, is dominated by software requirements. The growth in references to software is perhaps a reflection of the rapidly burgeoning development in software technology. Actually, the software category accounted for most of the increase in length of the ads over the 20-year period studied.
Programmers--detailed view
The shifts within the hardware category reflect the emergence of non-mainframe computing platforms since 1970. The software category also reflects the technology shift toward distributed computing; the proliferation of operating systems; a progression through second, third, and fourthgeneration languages; and the emergence of newer technologies such as database, CASE tools, and application packages. However, COBOL and other second and third-generation languages still made up a significant proportion of the technical requirements as of 1990.
Business knowledge is subdivided into three categories: business (which includes industry and functional area knowledge), management (incorporating management skills such as leadership, planning, and controlling) and social/interpersonal (including communication, motivation, and general interpersonal skills). Of these, the greatest growth was in the social category. Within this category, communication skills were not even mentioned in our sample of 1970 ads for programmers but grew to be the most frequently mentioned phrase in this category by 1990 (see Table 3 ).
Within the business knowledge subcategory, phrases are of two types: references to industryspecific knowledge (e.g., insurance, chemical, publishing, or transportation) and references to functional area knowledge (e.g., finance, accounting, or marketing). In 1970, if business knowledge was mentioned, it was likely to be a reference to a specific function. This trend was reversed over the 20-year period. By 1990, if a reference was made to business knowledge, it was twice as likely to refer to industry experience as it was to specific functional experience.
Under the management category, leadership skills were the most likely requirements to be found in programmer job ads; and this did not change in 20 years, although their incidence increased somewhat. However, of the seven categories, management skills rank Seventh out of seven (in terms of frequency of mention) for programmers.
Systems knowledge is subdivided into problem solving and development methodology. References to both these subcategories increased in frequency since 1970 and, within these subL categories, the most frequently mentioned skill requirements were general problem solving and a knowledge of programming methodology. Figure 2b shows the indicator data for systems analysts. It suggests a significant change for the analysts in terms of the proportion of ads referencing technical skills over the 20-year period. In 1970, about 35 percent of the ads referenced the need for technical skills. By 1990, about 75 percent of the ads contained such references. Moreover, as shown in Figure 2b , as of 1990, the need for technical skills is indicated with the same frequency in ads as is the need for both business and system skills, which have tended to be more stable over time. Figure 3c shows the ad profile for systems analysts (raw data). The pattern here shows rising references to technical knowledge and skills, with only modest increases in the references for business knowledge over the past 20 years. Thus, the analyst position, as reflected in the job ads, appears to have become more, not less, technical over time. The commonly discussed increase in emphasis on business and communication skills was not as strongly reflected in the job ads as one might expect. These results are somewhat perplexing and are certainly at odds with those generally reported in the IS literature (see, for example, Cheney, et al., 1989; Leitheiser, 1992; Nelson, 1991; and Watson, et al., 1990) . Figure 3d shows the percentage data. Between 1970 and 1990, the percentage of phrases relating to technical knowledge increased from approximately 13 percent to 43 percent of the ad content. This proportional increase came at the expense of both business knowledge (decreasing from 34 percent to 24 percent) and systems knowledge (slipping from 53 percent to 33 percent).
Analysts--summary view

Analysts--detailed view
By looking at the detailed data, it is possible to determine exactly what skills employers are demanding when advertising systems analyst positions and how that pattern has changed over the years. These details are presented in Table 4 .
Similar to the programmer ads, technical knowledge requirements for systems analysts were dominated by software phrases as opposed to hardware phrases. There seem to be few trends here, other than the fact that software requirements, particularly as they relate to operating systems and databases, were specified in more and more detail over time. As with programmers, ads for analysts are shifting away from the older technologies and languages and moving toward packages and newer technologies.
Examining the three subcategories within the business knowledge category (i.e., business, management, and social), no dramatic change was evident since 1970. Requirements for specific business knowledge and skills are typically industry-specific rather than functionspecific. This was consistent from 1970 through 1990. There has been growth within the subcategories of management and social skills.
Specifically, within the ads, employers stressed the need for communication skills to a greater extent over time.
The systems knowledge category was broken into problem-solving and development methodology. Problem-solving abilities were broken down into four basic categories: general problem solving, qualitative and logical abilities, technical expertise, and creativity. The data in general show that these attributes were mentioned in the ads far less frequently than the other categories.
Within the problem-solving category, general problem solving was most frequently mentioned; creativity was mentioned infrequently. Development methodology knowledge remained important over the 20 years studied. Categories of general development, analysis, and design are the most frequently mentioned. "General technology" included generic references to technologies such as knowledge of databases and data communication concepts.
IS managers--summary view
Indicator data for the IS managers is shown in Figure 2c . Business skills were consistently mentioned in about 85-90 percent of the ads over time. Systems knowledge showed a similar level and consistency of references over time. The incidence of references to technical knowledge increased somewhat over the past 20 years for IS managers. The raw data profile for IS managers is shown in Figure 3e . The increasing business orientation of IS managers is evident in the data. Table 5 shows the detail behind the IS managers' job ads. The first category, technical knowledge, is comprised of hardware and software. In this category, there were some differences from the programmer and systems analyst ads--there was not the dramatic increase in references to software. References to both hardware and software increased slowly. Again, the emphasis is on operating systems and database software.
IS managers--detailed view
Under the second major category of business knowledge, there was an increase in the stated requirements relating to both management and social skills and a proportionate reduction in functional and industry-specific knowledge requirements, The most important subcategory in terms of frequency of mention within the business category is management. Within this subcategory of management, the dominant references are to general management and leadership skills. References to leadership appeared to be increasing quite rapidly over time. In the social category, communication skills and general interpersonal skills were most often referenced. Over time, increasing references were made to communication and interpersonal skills.
The two subcategories within :the systems knowledge category are problem solving and development methodology. Relatively speaking, there were few references to problem solving for IS managers. References to knowledge of development methodology were,, however, included within IS manager ads. Within this category, the most frequently mentioned skills were under the subcategories of general development and general technology.
Discussion of Results
This study has examined the skill!requirements of programmers, systems analysts, and managers over the period 1970 to 1990 as specified in 1,234 job ads found in four newspapers. There are two key results from this study.
First, not much changed. In absolute terms, there was a significant increase in references to technical requirements for both programmers and analysts and a modest increase for managers (see Table 3 ). References in the ads to business and systems knowledge showed minimal change in absolute terms, though the increase in business requirements for managers was apparent. When these results are examined in relative terms, virtually all of the change for programmers and IS managers can be accounted for by "ad inflation"--that is, the average length of an ad has increased over the past 20.years. For programmers and IS managers, one can argue that references to technology, business, and systems was consistently apportioned over time.
The second important result involves systems analysts. First, the indicator data show that the percentage of analyst jobs referring to technical skills is increasing over time. Second, in terms of the absolute number of references, there was an increase in all three categories, though the most obvious increase occurred in the technical requirements. The average number of references to technical requirements more than tripled--from being the least referenced category in 1970 to being the most referenced category in 1990. Even when the data is adjusted for the increasing lengths of ads, the technical references increased from about 13 percent of the ad in 1970 to approximately 43 percent in 1990. Further, there were slight decreases in the proportion of the ads devoted to business and systems skills.
The changes in each job are discussed in more detail in the next section.
Programmers
Technical requirements represent mostly operating systems skills, business requirements mostly communications skills, and systems requirements mostly programming skills. The three lowest-ranking skills (in terms of number of references in ads) are management skills, business skills, and problem-solving skills. Based on this evidence, programmers (as characterized by their job ads) appear to be specialized employees who are required to understand information technology and general development process, and must be able to communicate with others.
The increasing references to technical skills seem reasonable, given that technical variety has increased due to the proliferation of software packages and development platforms--from a few low-level languages in 1970 to a wide variety of high-level application development environments in the 1990s. As application generators make coding easier and more automatic, there may be less need for the development and enhancement of problemsolving skills. Furthermore, as jobs become more specialized over time, it is less likely that programmers will interact directly with users on design issues; rather, they will perform specialized coding functions based on detailed specification and may indeed need to know little about the business environment in which the systems are embedded. While it is fair to say that there has been some increase in the demands for communication and other business skills among programmers, the changes have not been dramatic. Further, there do not appear to be any universally accepted business skills for programmers.
Approximately half of the programmer ads from 1990 mention at least one business skill, an increase from 30 percent in 1970. However, there is little consistency in the types of business skills required. In 1990, though communication skills was the most frequently referenced item in the -business category, it was included for only 30 percent of all programmer ads (see Table 3 ). Thus, it can hardly be considered a universal requirement. In fact, none of the 13 other detailed business categories in Table 3 is mentioned in more than 30 percent of the ads. This suggests that, while we can conclude that there has been some increase in the need for business knowledge by programmers, there is clearly no consensus among organizations concerning what that knowledge should be. In short, the ads suggest that the work of programmers is becoming (both in technical and business terms) more specialized.
Systems analysts
The requirements for systems analysts, as specified in the job ads, appear to be very similar to those of programmers; that is, technical requirements relate mainly to operating systems knowledge, business requirements relate to communications and related skills, and systems requirements relate to development methodology (design) skills. The three lowest-ranking skills (as reflected by the number of phrases in ads) are hardware knowledge, industry and functional area skills, and problem-solving skills. Perhaps most interesting is that the ad profile for an analyst, which was quite different from the ad profile for a programmer in 1970, had become quite Similar by 1990. Technical skills appeared in about 75 percent of the ads, in contrast to 40 percent in 1970. Furthermore, they were as likely to be mentioned as were references to business, and they occurred with twice the frequency. Overall the systems analyst position, as described in job ads, appears to be getting more, rather than less, technical.
The data show a slight increase in the absolute number of references to business skills over time, though the percentage data shows a decline in the proportion of ads devoted to business skills. Even factors such as communication skills, which are of almost universally acknowledged importance for systems analysts, appeared in only 40 percent of the ads in 1990, and the need for strong interpersonal skills appeared in less than 15 percent of the ads. Specific business or func-' tional area knowledge appeared in less than 20 percent of the ads (see Table 3 ). Thus, while more attention is being paid to the need for business skills, there is, as with programmers, little consensus as to what that skill set should be. Overall, the job ads indicate that the analyst's job requires a greater mix of skills than in the past. However, it appears that increase is not coming from increasing the business demands placed on analysts, but rather from increasing the level of technical knowledge required.
IS managers
The technical knowledge requirement for IS managers is predominately related to operating systems, the business knowledge requirements are predominantly related to leadership, and the systems knowledge requirements are predominantly development methodology. The three lowest-ranking skills (as reflected by the number of phrases in ads) are hardware knowledge, business skills, and problem-solving skills.
In absolute terms, there was an increasing demand for business skills reflected in the ads, but also a surprising increase in the demands for . Thus, both the number of technical references and the proportion of ads they appear in has been increasing. At the same time, the ads suggest that technology is not universally acknowledged to be important to the job of an IS manager.
As was the case for both programmers and analysts, there is little convergence on the business-related skill set that is specified in the ads. In other words, the ads suggest no single business-related skill that is universally required of all managers. In 1990, the most frequent reference was to leadership, appearing in about 40 percent of the ads, up from about 25 percent in 1970. Interpersonal and communication skills were referred to in about 25 percent of the ads in 1990. Thus, there is no universally articulated skill set for managers and little agreement across ads on which business skills are important: In summary, while the ads indicate that in 1990 every manager required two to three business skills, the same two or three skills were not being demanded across jobs.
To summarize the findings across jobs, there is significant data to support the argument that not much has changed in 20 years. The changes that have occurred in the ads reflect increasing demand for technical skills in absolute terms across all three jobs. Further, while a case can be made for an increase in the absolute demand for business skills across all three jobs, the increases are modest at best, and show little consistency in terms of the business skills that are demanded, with no single skill being universally important. Thus, in spite of the tremendous changes that have occurred in the IS field over the last 20 years, in spite of the changes that have occurred in the nature of education and training, and in spite of the consistent assertion that business and other "soft" skills are of increasing importance to those working in the IS field, there is little evidence of significant chang e in the ads over the past 20 years. Furthermore, those changes that have occurred tend to suggest the need for more, not less, technical knowledge, particularly for systems analysts. A number of possible explanations are explored in the .next section; however, in order to get a better understanding of the pervasiveness of the findings, reported differences between industries are briefly examined.
Differences between companies, based on the nature of the business and their reliance on information technology, were examined to see if they revealed differences in the skill sets demanded. We felt that organizations that are information-intensive and more reliant on their IS may have different ad profiles and may indeed request more business skills in a job ad. To assess this, ads were grouped into two general classes--the service sector (including financial institutions, retail businesses, communications companies, and other consumer services) and the manufacturing sector (including resource extraction, and industrial and consumer manufacturing). Because the service sector is more information-intensive than the manufacturing sector, a different emphasis may be placed on specific IS knowledge and skills. Based on a split sample of 778 service sector ads and 456 manufacturing sector ads, we then reproduced the analysis described above (see Figure 4 for the raw data results by industry). The data indicate little by way of differences between set-.vice and manufacturing industries. With the exception of IS manager job ads (whose high variation may be due to small sample sizes for the manufacturing sector in some years), the values for the technical, business, and systems skills tend to move together for the two industry groups. Thus, we could find no apparent support in the data for the argument that different skill sets may be required by different industry sectors.
Alternative Explanations
Given that these finding are somewhat unexpected, and that they seem to be consistent across industries, it is important to consider the alternative explanations for the results prior to considering their implications. One explanation for these results would be that firms are not looking for people with more technical skills, but rather for people with the "right" mix of technical skills--that is, familiarity with the particular blend of hardware, operating systems, and application development tools that the organization has in place. Further, that mix is likely to differ for each organization and thus, must be clearly articulated. In other words, in 1990,.more phrases may have been needed to accurately describe the technical environment in which the applicant would work, whereas 20 years ago, it may have sufficed to specify a "COBOL shop." It is clear that the proliferation of technology has led to a wider variety of packages and more options for organizations in terms of technica! infrastructure. In this sense, firms are becoming more distinct and specialized in their technical requirements, and the job ads simply reflect this. In short, the "right mix of skills" explanation infers that organizations believe that specific skills, in specific technical platforms, have been and are critical skill requirements. Thus, it might be argued that jobs are not requiring more technical knowledge, but rather more specialized technical knowledge.
A second possible explanation f(~r the apparent increase in the demand for technical skill requirements reflects the notion that IS personnel must become more technical because the population of users they support are becoming more sophisticated. As "suppliers" of information technology, IS personnel need to increase their level of Sophistication simply to stay ahead of the users. This argument appears to be plausible. Certainly, the level of technical proficiency among users has risen dramatically since 1970. IS staff must be much more technologically oriented than in the past, in order to maintain credibility (Davis, 1993) . Furthermore, information, requirements determination is often being carried out by members of the functional areas rather than by IS personnel. As this work is offloaded, the IS staff are left with the more technical developmental tasks. Given this, it would not be unreasonable to expect some increase in the demand for technical skills among IS personnel.
A third potential explanation '.is that more demands for technical skills have resulted from a shift in the labor supply pool. This argument is based on the notion that the composition of people entering the IS labor pool has changed over the past 20 years and that ads have changed to reflect that. As IS programs within business schools reach maturity, people are being trained with better business-related skills and comparatively weaker technical skills (relative to those coming from traditional computer science programs). The supply side argument says that ads would include requests for the scarcer or more differentiable skills. Thus, today, if most people in the IS labor pool have the requisite business and interpersonal skills, these skills do not need to be included in thead. Technical skills that are somewhat lacking are included. In short, the supply side argument suggests that IS jobs are not changing, but the mix of the skill pool is, forcing organizations to focus more closely on technical skills in the hiring process.
While this argument undoubtedly has some merit, we are not convinced that it is wholly supported by our data. First, since we were not ex--amining strictly entry-level positions, the relative impact of education might be moderated. Second, if the supply side argument held, and we assumed an increasing business proficiency among the labor pool, then we should have seen a significant decrease in references to business skills in the ads themselves and a significant decrease in the frequency of practitioner and academic articles decrying the paucity of business skills among IS employees. Neither has occurred. In fact, both increased over the period . This explanation, then, may be useful in explaining changes in entry-level positions, but is less likely to help explain the increase in technical skills across the entire sample, for which approximately 80 percent of the jobs specified some amount of prior experience.
A fourth explanation may be that, while jobs are not becoming more technical, it is the technical aspect of the job that attracts candidates. Organizations may deliberately try to make their technical environment appear sophisticated in the belief that this is what prospective applicants are looking for. Thus, rather than using the technical description to find people with the right technical skill mix, ads are laced with technology to lure people who are excited by technology. This explanation may be plausible, but still indicates that the people they are attracting are people primarily interested in technology. Further, the attraction argument may make sense in a tight labor market, which may have existed in the 1970s but is less compelling in the leaner organizational environment of the 1990s.
A fifth explanation may be that the ads do not reflect the desires of senior managers, but rather A sixth possible explanation may be that technology is easy to incorporate into an ad but that business and management skills are not. It might be argued that it would take several phrases to adequately describe the technical environment, but one needs to mention motivation or leadership only once without repetition. While this explanation may have some merit, it would be more easily supported if there was significant consistency across organizations in specifying certain business skills. As noted above, this is not the case. As an example, 12 business-related skills are listed in Table 4 for analysts. The most frequently mentioned of these skills, communication, appears in only 40 percent of the ads. Thus, while each organization mentions one or two business skills, the set is not consistent. This runs counter to the notion that there is little to say about business skills and is more likely indicative of the fact that organizations are unclear about what to say. However, organizations may use mechanisms other than ads, such as interviews, to establish a job candidate's business aptitude. Thus, companies may omit these qualifications in the ad and look for them, instead, in the context of an interview and at other stages in the hiring and recruiting process.
It is clear that the job ads contain increasing references to technical skills, particularly for systems analysts. This is likely reflective of the increasingly sophisticated and diverse technical environment that firms are working in today. Each of the explanations offered above probably provides some insight into the findings reported in this paper, but it is unlikely that any one of them completely explains the findings. Further, there are undoubtedly additional explanations that may shed some light on this result. The fact remains, however, that in a time when both the research and practitioner literatures are strongly emphasizing business skills, iob ads are increasingly emphasizing technical skills. This apparent paradox is clearly worthy of additional investigation.
Limitations
Before considering the implications of these results it is important to acknowledge the limitations of the study. This study uses a unique methodology to examine an important and oftenasked question: What are the requisite knowledge and skills for information systems personnel and how have those skills changed over time?
The results of this study provide a challenge to the conventional wisdom that business skills are becoming increasingly important. Job ads, over the period from 1970-1990, in fact, showed little change. While the results, as discussed above, are open to a variety of interpretations, it is important to also consider the limitations of this approach before reaching any specific conclusion.
It is reasonable to question whether newspaper ads constitute an accurate reflection of the nature of actual IS jobs. While we would argue that ads should reflect organizational skill requirements, it is also clear that organizations may employ ads for other purposes, such as image enhancement and self-promotion. We see little reason, however, why these purposes would conflict with the specification of skill requirements within the ad. Thus, while there are a variety of purposes for writing a job ad, it seems reasonable that (1) there is no discernible benefit (of which we are aware) to an organization in deliberately misrepresenting the job being advertised; (2) because of the role ads play in presenting a portrait of the "ideal" candidate, they would tend to overrepresent rather than under-represent this ideal in the ad; and finally (3) even if certain skills are best evaluated during interpersonal interviews, it is still in the organization's interest to advise potential applicants of the importance of this skill by including it in the ad. Nevertheless, just as we would not expect that managers' perceptions of skill needs perfectly reflect actual skills demanded of employees, job ads may have similar limitations.
Other limitations of this study relate to the nature of the sampling procedures. First, we sampled only four newspapers and chose papers that tend to be national in scope. While we know of no specific reasons why there should .be regional differences in the nature of skills required, it should be cautioned that these ads are not necessarily reflective of the population of all ads. Furthermore, since only a small proportion of jobs are actually advertised in newspapers, the pool of ads may not represent the entire population of IS jobs. At the same time, the sample we employed is significantly larger than those used in previous studies of job skills and provides a picture of how jobs have changed over time.
One may question the precise Coding scheme employed in this study. However, to the extent that we separated specific technical skills from more general systems skills, we did, if anything, bias the sample against the finding of a movement toward technical demands and away from business demands. In addition, much of the detailed coding data has been presented in Tables 3 to 5 , allowing readers to draw their own inferences.
Finally, it should be remembered that ads do not describe the actual candidate who was eventually hired. This candidate may not resemble the ad in significant ways. An avenue of further research in this area is to discover how closely the successful job candidates match the job descriptions. In spite of these limitations, implications for recruitment and education can be derived from this work; these implications are presented in the next section.
Implications
Assuming the evidence presented in this paper indicates that organizations are !ndeed looking more to technical skills, or at least to incumbents with a more diverse set of technical skills, and that the demand for business skills, as stated in the job ads, has not really changed dramatically over the past 20 years, there are a number of implications for both management and education that should be considered.
Two views of these results may be taken. The first is that we are experiencing an "education gap"; the second is that we are experiencing a "recruitment gap." An education gap implies that education efforts may be misdirected to the extent that they focus on business skills in their curriculum. It would argue that technical skills are important and that educational programs should emphasize those skills. A recruitment gap would suggest that, despite the recommendations of the academic community and despite the writings in the trade press of the importance of businessrelated skills, the recruitment process still has not responded and is misdirecting its attention toward technical skills. This implies that business skills are indeed critical and that organizations need to change the focus in their hiring practices to emphasize those skills. 1 In short, the remedy in one case requires a shifting of educational priorities and in the other the shifting of organizational priorities. As always, the truth of the matter probably lies somewhere in the middle. Nevertheless, it is instructive to look at the evidence in support of each side of this argument.
The education gap
First, consider the educational gap. Should teaching priorities focus more on technology and relatively less on business skills? Most would likely agree that MIS programs in universities have shifted from being largely technologically focused to being more business focused over the timeframe for this study. Has the shift been too extreme? The arguments in favor of the need for more technical skills can be supported by a number of factors. As mentioned above, workers in general are becoming more technically sophisticated, and thus, it is important that IS personnel be trained to a level that keeps them ahead of those they are trying to service. This is important to ensure that IS can both make a contribution and maintain credibility. Second, much of the work that requires business skills is being offloaded to end users or is being performed by joint project teams, where users from the functional areas bring the requisite business knowledge to the project. Third, the pressures facing organizations today imply that they need workers who will be immediately productive in the organization and not require long periods of training to become proficient in a new technical environment. The absence of communication and interpersonal skills or functional business knowledge may be undesirable but perhaps viewed as more manageable for organizations than a lack of technical skills. As noted in a recent article, "For all the talk about soft skills, no companies are racing to hire humanities or social science graduates as entry level IS employees" (Davis, 1993, p. 30) . In short, the arguments for a technical emphasis are that knowledge of technology is a necessary condition and constitutes the distinctive competence for IS employees and thus, should be given special emphasis in the hiring process.
This position has clear implications for the teaching and training of IS professionals. Taking the data at face value, technical prowess appears to be the paramount concern. Prospective applicants faced with ads filled with technical phrases receive a very clear message--technology is important. Those among us who educate students for IS positions might be well advised to arm our students with technology so that they will compete favorably in such a marketplace. Knowledge of business, problemsolving skills, and general management skills may be relegated to the "nice to have" category. These sorts of skills may help organizations decide between two aspiring applicants who otherwise appear equivalent. Programs unwilling to train students in technical skills may find their students at a loss in the job market and certainly in the entry-level job market. Proof of this may be revealed in a study of hiring practices over the last few years. Do organizations look to the business schools for IS professionals or to computing science programs? Has this pattern changed over time? Answers to questions like these would provide additional insight into this area of study.
The recruitment gap
Now consider the notion of a recruitment gap. This suggests that an emphasis on technical skills is misguided and that there should be more focus on business and interpersonal skills for IS employees in job ads and in hiring. Certainly, this position is supported by the bulk of the academic and practitioner literature that discusses requisite IS knowledge and skills (see Nelson, 1991, for a summary). Given this, it is surprising that organizations devote so much effort to describing their technical needs. Further, given their specialized nature and the rapid changes in technology, specific skill sets may quickly become obsolete. Thus, it would behove the organization to focus on general technical skills and, more importantly, on the ability to learn and adapt to new technologies rather than to focus on the specifics of any one technology. In short, the emphasis on specific sets of technical skills as a necessary condition for hiring an employee may be misguided. Furthermore, given the diversity of technical platforms, it seems unlikely that organizations will find exact matches in terms of technical skills, and, therefore, to employ those as an initial screening criteria might unwisely limit the pool of qualified applicants.
In addition, it is clear that IS is becoming more business oriented. IS managers are forced to focus on bottom-line responsibility, and increasingly the IS group is a significant contributor to the development and implementation of organizational strategy. Thus, it seems unlikely that the need for business and systems skills is waning. There are frequent expressions by academics and practitioners alike for the need for IS professionals to have these skills. Smith and McKeen (1992) point out the common malady of "users not being able to talk to IS personnel," "IS personnel being in their own world," "IS personnel not understanding anything about the business," and "IS personnel without effective inter-personal skills." The "hard demand for soft skills" among IS personnel has also been recognized in the practitioner literature (Davis, 1993) . The need for business skills is at the heart of the CACM and DPMA curriculum guidelines. Further, surveys of IS professional and users have indicated the need for improvements in business and organizational knowledge and skills among IS personnel (Nelson, 1991) .
Given this evidence, it seems reasonable to argue that it is the recruitment process itself that may be in need of change. It may well be that senior members of the IS organization value business skills but that those views are not translated to the lower levels of the organization when it comes to recruiting practice. This is, in part, supported by the observation that management positions show the most movement toward a business emphasis. It is for these positions that we might expect to see senior management take a more active role in the recruiting process. Taking this view, we would argue that organizational recruitment practices may require some adjustment, and there is, atthe very least, a mismatch between what organizations claim to be important when asked about key skills and what those organizations do in developing recruiting strategies.
It is, of course, also possible that organizations are looking for business qualities during the interviewing process since they are omitting these requirements at the first screenir~g stage. On the other hand, because hiring decisions tend to be made at relatively low levels in organizations and because the majority of the people doing the hiring are apt to be technically oriented, it is possible that the phenomenon of ~"people hiring people just like themselves" is at work. Certainly, a highly technical person, who, after a few years on the job has acquired a sufficient knowledge of the practice of bu,siness from onthe-job experience, might feel that other technically oriented people could do the same. It may simply be that IS staff believe it is easier (and perhaps better) to hire technically oriented people and teach them business ,skills rather than to follow conventional wisdom and do the reverse.
To summarize, the results from this study are, to some extent, at odds with some of the prevailing thinking concerning the evolution of skills for IS personnel and particularly the changing nature of the systems analyst position. The results reported in this paper suggest that job profiles, as specified in ads, have not changed dramatically over the past 20 years and that furthermore, the changes that have occurred suggest an increased emphasis on the technidal aspects of IS jobs within ads. Clearly a realignment of our previously held impressions of the profession and the data reported in this study is in order if we are to understand this phenomenon fully. The results suggest that we need to rethink both educational and recruitment strategies to ensure that they are in alignment. We hope that these results, which we anticipate will arouse some controversy, will be provocative and will foster additional debate on the nature of both education and recruitment strategies. 
Appendix Full Description of Methodology Used
A number of methodological app~oaches have been used to assess IS job skill requirements. The most common approach has been to survey experienced practitioners (usually IS managers) and academics. Questionnaires have been the major data gathering tool (Albin and Otto, 1987; Benbasat, et al., 1980; Cheney and Lyons, 1980; Leitheiser, 1992) . Cheney and Lyons also used personal interviews to augment the questionnaires. Jenkins (1986) used the Delphi technique with questionnaires to capture the data in his study. Finally, Watson, et al. (1990) used group support software to capture the views face-to-face groups of IS managers and professionals to determine current IS skill needs.
All of these approaches rely on asking current practitioners and academics about the importance of different IS skills. Thus, these approaches are based on collective, subjective perceptions of current practice. They may reflect what managers and others believe to be the desirable skill set. On the other hand, they may reflect what respondents have read in the trade journals or curriculum guidelines of professional associations, or simply what they expect the researchers want to hear. Given this reliance on subjective data, it would seem useful to examine the skills question using descriptive data to determine the degree to which these managerial perceptions reflect the reality of organizational action (Leitheiser, 1992, p.86) . This study provides one such data set, using job advertisements, and furthermore, does so while examining Changes over time.
This approach has several strengths that complement the methods employed in existing studies. First, published advertisements provide a description of what organizations actually say about their needs.This information is produced to meet the needs of the organization and not to meet the needs of researchers. Thus, it should reflect what an organization perceives to be important characteristics of job applicants. Our contention is that, if organizations advertise IS positions in major newspapers, they would be careful to describe the skills they actually require. Further, job descriptions are likely to reflect the ideals of what organizations look for in a candidate, since organizations are motivated to attract (and ultimately hire) personnel with the highest possible qualifications and best fit with the organization. Second, because we are using secondary data, we are not restricted in terms of sample size, as is often the case with interview or survey-based studies. This provides a better opportunity to examine a wide range of jobs. In fact, it permits us to employ a sample that is roughly an order of magnitude larger than those used in prior research. Third, the use of secondary data facilitates an analysis over time. Previous studies in this area have been largely cross-sectional, and changes over time have been captured by comparisons of different studies. Fourth, content analysis, little used in IS research but widely employed in other disciplines, allows us to capture information about the changing nature of IS jobs.
There are limitations to this research approach. First, the data may not be in a consistent form, and extra effort is required to make the data comparable. Second, decisions must be made by coders as to the meaning of phrases and their categorization. This means that coding reliability must be assessed. Despite this limitation, we believe this approach provides a unique window on the issue of IS knowledge and skill requirements and should complement the previous work in the area.
IS Job Advertisements
Very little has been published on the analysis of IS job advertisements or on the use of job advertisements in general as research data. A seminal study in analyzing job advertisements was published by Walsh, Tracking IS Skills Over Time et al., in 1975 . They reported the results of an indepth analysis of job advertisements from the two major newspapers in two large Western U.S. cities. They also included follow-up data from newspapers in 10 other U.S. cities. The researchers coded all the information in the job advertisements found in the Sunday editions of the two newspapers for the period 1968-1972.
The major findings of the study by Walsh, et al., 1975 , are the following:
1. "As a recruitment tool, they [job ads] are of considerable value to a comparatively small but important group of employers" (p. 19).
2. "As a job seeking tool, job ads are used extensively and with a considerable degree of success" (p. 19).
The researchers found that it was large organizations that used job advertisements the most to recruit employees. They also found that the greatest success in using job ads for recruiting were for professional, managerial, and technical workers. Overall, they argued that "it is possible to analyze job ads systematically and to assess their content and value to employers and job seekers" (p. 89).
A different view of the importance of job ads is found in Dawson and Dawson (1988) . They argue that only 10 to 20 percent of jobs are actually found through job ads and search firms. They do, however, state that "our informal surveys indicate that about 80 percent of job seekers concentrate their job search on job ads" (p. 82).
The data for this study come from IS job advertisements found in newspapers. Therefore, it is critical that we understand exactly what these ads represent and how and why they are used. Job ads are used by organizations to aid them in finding qualified applicants to fill the positions they have available. They are a first screening device meant to simultaneously encourage qualified applicants to apply and discourage unqualified applicants. As such, they must strike a delicate balance. If job ads are not written effectively, then many potential applicants will be missed, or potentially unqualified applicants will be encouraged, thereby wasting organizational resources.
Job ads include a variety of information and can be employed for a variety of purposes (Walsh, et al., 1975) . Typically, an ad can be divided into three parts. One part of an ad typically describes the employer and the nature of the business, and conveys some sense of the corporate environment or culture. This information may be present to sell the potential applicant on the organization and to promote the organization to the wider community. A second portion of most ads discusses what the job offers the employee in terms of compensation and benefits. It is intended to attract applicants at the right level, in terms of salary expectations, and to further reinforce an applicant's view of the organization. The final part of an ad describes the nature of the job and the characteristics of the prospective ideal candidate. It is this portion of the ad that contains the information of interest for this study. In this section, an ad will typically describe the "successful" or the "ideal" applicant. The person eventually hired may not meet all the requirements as set out in the ad. In this sense, the ads themselves represent an organization's ideal of a good programmer, analyst, or IS manager (i.e., what knowledge and skills the organization truly values, not the knowledge and skills contained in the organization).
Coding Scheme
In order to extract the desired information and not be overwhelmed by incidental information, a specific coding scheme was developed to categorize information and to exclude information that was not relevant to the specific issues under investigation.
We started with the basic premise that all information systems jobs are likely to require some knowledge of information technology, some knowledge of business, and some set of problem-solving skills. Several specific categories of knowledge and skills were drawn from the literature examining systems analyst skill needs (Benbasat, et al., 1980; Cheney and Lipp, 1987; Cheney and Lyons, 1980; DPMA, 1986; Nunamaker, et al., 1982; and others) and work by Nelson (1991) and others looking more generally the types of IS knowledge and skills required by employees within an organization. From these we developed a set of seven skill categories: hardware, software, business, management, social, problem solving, and development methodology. The categories are described in Table 2 . They follow the ACM curriculum model developed by Nunamaker, et al. (1982) with some minor modifications. Specifically, two ACM categories were subdivided: "computers" into "hardware" and "software," and "organizations" into "business" (which focuses on industry and functional area knowledge) and "management" (which includes such skills as organizing, planning, controlling, and the like). Two ACM categories were combined: "people" and "society" into a single category called "social." This was done because we could not determine significant differences between the two categories as they pertain to job skills. In addition, the ACM category called "systems" was enlarged to include all knowledge pertaining to development methodologies (as described in Table 2 ).
In order to simplify presentation and analysis, these seven categories are grouped into three broader classes as follows:
Technical Knowledge --* (1) Hardware and (2) Softwarē
Business Knowledge --, (3) Business, (4) Management, and (5) ¯S ystems Knowledge --, (6) Problem Solving and (7) Development Methodology
Prior to collecting a complete s~mple, research assistants analyzed a pilot sample of 200 ads and attempted to classify each word or phrase mentioned in the ads into one of the seven categories described in Table 2 . From this, an index was built that included the specific phrases used in the ads and the coding categories to which they belonged. This index was reviewed by the authors, and corrections were made. The final index was then used as the coding guide for the primary sample. This provided a reference dictionary for the classification of terms. To check the coding accuracy, the actual words and phrases were recorded onto a coding sheet under the appropriate category. Counts of the number of words or phrases within each ad (classified by coding category) make up the basis of data reported in this paper.
Phrases were most often comprised of groups of words but in some cases Were only single words. For example, the phrase "administrative supervision of project teams" would b e classified as a management skill; the phrase "excellent'communication skills" would be classified as a social skill; the phrase "IMS/DB" would be classified as a software skill; and the phrase "experience in retailing" would be classified as a required business skill.
A detailed coding of phrases within categories was also conducted. Tables 3,4 and 5 show the detailed results of this analysis. This codir~g identified the major classes of phrases within a category. For example, references to software frequently mentioned specifics such as COBOL, or a particular operating system such as VM. These would be recorded as COBOL and operating systems respectively in the tables. We attempted to capture the major themes within each category through this analysis. For some categories, there are large numbers of "other phrases" that did not seem to fit into the identified categories, or occurred in such numbers as ~o require categorization. For example, under social skills there were categories for communication, in~lependence/motivation and interpersonal skills. Phrases that were not related to the specific subcategories, but were felt to reflect social skills, were placed in the "other" category. Among these were phrases such as perceptive, mature, hard-working, concientious, aggressive, reliable, and bright, among others.
The Sample
The sample was drawn from four newspapers. Two were from the U.S. (The Wall Street Journal and The New York Times) and two were from Canada (The Globe and Mail and the Toronto Star). In each case, these are among the largest circulation newspapers in the country, and they tend to draw career advertising that is national in scope. Thus, the jobs are not strictly limited to cities within the geographical area in which the newspaper is published.
Samples of IS job ads were drawn from the four newspapers at five-year intervals --1970, 1975, 1980, 1985 and 1990 . The choice of five-year intervals was made to have a window that was broad enough to allow for a reasonable chance t~) observe differences and to keep the sample size within each window relatively large. Ads were chosen from each month of the year to avoid the possibility of seasonal or cyclical effects in the data. The search for ads was arbitrarily started on the third Saturday in the month, and any computer-related career ads were extracted. This avoided limiting the selection to specific job titles, which may not reflect the true nature of all IS jobs. Although we were interested specifically in programmers, analysts, and IS managers, we also collected data on consultants, auditors, systems programmers, database administrators, and data entry staff, among others. Typically, for any year, the sample of such ads is relatively small and is not included in the analysis reported here.
Our target sample was to collect from 1500-2000 ads. Again, this target was relatively arbitrary, but it was felt that it would provide sufficient numbers of each type of ad (analyst, programmer, and manager) over each of the five time periods. Given this target, selection from a given newspaper, for a given month, continued until between five and 10 ads were extracted (i.e., 5-10 ads * 12 months * 4 papers * 5 time periods = 1200-2400 ads). This range was provided since experience from our pilot indicated that, at times, 10 or more ads could easily be found in a single Saturday issue, but in some cases, particularly for the earlier time periods, several days would need to be searched.
Our target sample was met for each five-year period except for 1970, where only 135 ads, in total, were collected due to the small number of ads available. For all other time periods we collected between five and 10 ads per newspaper per month. In total, 1,634 usable ads were collected that contained sufficient information on which to base an analysis. Some ads were rejected because they were non-computerrelated jobs (typically engineering analysts and engineering project managers). Still others could not be used because they contained little or no information about the job, or did not include a job title. In total, there were 75 such ads. The final sample included ads for 581 programmers, 348 systems analysts, and 305 IS managers. The remaining jobs included EDP auditors, systems programmers, database administrators, data entry staff, and consultants, among others. Because the number of ads for these job types was small, no further analysis was performed. Instead, we focused on the 1,234 programmer, analyst, and IS manager jobs. The distribution of these positions across the five time periods is shown in Table 1 . In general, the number of ads for later time periods is somewhat greater, reflecting the growth in the field.
Computation and Presentation of Results
This section presents a detailed description of how the values appearing in Figures 2 and 3 were calculated.
The indicator data (Figure 2) shows the proportion of ads that refer to a given skill class (technical, business, or systems) in any given year. For each ad, a value of "1" was assigned if the skill category was mentioned one or more times, and a value of "0" was assigned otherwise. The information in the Figure was then computed for each job at each of the five-year intervals as:
Total number of ads referring to the category Total number of ads
The raw data (in Figure 3) presents the average number of phrases per ad that refer to each of the three skill categories. The average is calculated for each job type and for each year as follows:
Total number of phrases referring to each category Total number of ads
The percentage data (also in Figure 3 ) is computed by calculating the proportion of each ad that is made up of phrases in each of the three categories. This is done for each ad by dividing the number of phrases in a given category by the total number of phrases in the ad. For example, to calculatethe percentage of technical phrases the formula is as follows:
Number of technical phrases in the ad Total number of phrases in the ad
The percentage shown in Figure 3 results from calculating the arithmetic mean of the values computed for each ad (for each year and each job type).
